Introduction
There are several concepts about physiological alterations in the body in various seasons and several theories have explained these mechanisms, but the mechanisms are not clear in various seasons. Furthermore, several surveys have demonstrated that hormones may play an important role in these seasonal alterations, or vice versa, based on changes in temperature and light. According to available evidence, there is no information on changes in cortisol, insulinlike growth factor-1 (IGF-1), and thyroid hormones in Darehshori horses in different seasons. Therefore, the present study investigated the seasonal changes in the mentioned hormones in both sexes of Darehshori horses (1, 2) .
Cortisol is a hormone synthesized by the adrenocorticotropic hormone (ACTH) produced in the pituitary gland in response to stress, which also increases blood glucose levels. Cortisol secretion occurs in the body's reaction to stress, and because it is responsible for several stress-related changes in the body, it is also called stress hormone. This hormone has several effects on inflammatory reactions, blood glucose metabolism, release of insulin hormone to maintain the proper level of blood glucose, body defenses, and regulation of blood pressure. It is also increased during stress in a horse, which counteracts glucose metabolism by increasing stress; however, chronic stress and high cortisol levels for prolonged periods can lead to problems such as aggressive behaviors, reduced fertility, possibility of immune suppression, and increased incidence of gastric ulcers, colitis, and diarrhea (3) .
IGF-1 is a protein with a similar insulin structure that is effective in the growth and metabolism of many cells. IGF-1 is made by the liver by stimulating growth hormone and it is effective in cell metabolism and cell growth. IGF-1 is an anabolic hormone that increases muscle volume and decreases body fat, and it facilitates the transfer of amino acids and glucose, supports the positive balance of nitrogen and glycogen synthesis, and has anabolic effects in bone and cartilage.
Thyroid hormones are derived from tyrosine amino acids. Approximately 95% of the hormones secreted from the thyroid gland is thyroxine (T4). Although the level of triiodothyronine (T3) released from the thyroid gland is negligible, this hormone plays a major role in the effects of thyroid hormones on the body. The main part of blood T3 is from the conversion of T4 to T3 in peripheral tissues such as the liver, kidneys, and placenta. Several functions have been described for thyroid hormones in the body, such as increasing the rate of metabolism and glucose uptake from the digestive system, stimulating the process of glucose recovery, enhancing the effect of catecholamines and insulin, increasing the cardiac output, and sometimes increasing cardiac muscle contraction (3) .
Thyroid hormones, in addition to regulating temperature and energy and protein metabolism, play a role in regulating some ovarian activities. On the other hand, their serum concentrations are significantly affected by age, sex, race, and ambient temperature. Research has been done on the effects of various physiological conditions such as pregnancy and lactation in cattle and sheep on changes in thyroid hormones. It has been shown that the levels of these hormones in each physiologic period are different from other courses (4, 5) .
Considering the importance of cortisol, IGF-1, and thyroid hormones in the growth and immune system of the horse's body, as well as many other functions that are proposed for these hormones, the aim of this study was investigation of the serum levels of these hormones in different sexes, ages, and body conditions among Darehshori horses in various seasons during a year. The results of this study can explain the possible effects of the above-mentioned variables on changes in these hormones in Darehshori horses. The results of the present research may be used as an indicator for determining the natural and abnormal levels of these hormones in Darehshori horses in each sex, season, and body condition to assess metabolic and physiological disturbances.
Materials and methods

Study population
From January to November 2015, 27 adult Darehshori racehorses were selected from two horse rearing centers in Shiraz, a city in southwestern Iran. Thirteen of them were stallions and the others were mares. Ten of them were more than 10 years old and 17 horses were under the age of 10 years. Before initiation of the study, the clinical status of the horses was examined and their health was clinically confirmed. Common antiparasitic prevention was also administered to all horses. Animals were kept in solitary places and had easy access to water and food, and their diet was based on the usual planning in each rearing center, which was similar in both. They were fed with balanced rations including alfalfa hay, corn silage, and barley grain. None of them were pregnant or lactating during the study.
Blood sampling and endocrinological studies
Blood samples were collected via jugular venipuncture from all animals every 45 days in plain tubes. Air temperature (°C) and day/night length (h) of Shiraz (29.5918°N, 52.5837°E) at each sampling point during the study are presented in the Table. The first sampling was carried out on 1 January 2015 and samplings continued to 15 November 2015. Immediately after blood collections, sera were separated by centrifugation for 10 min at 3000 × g and stored at -22 °C until assayed.
Circulating cortisol levels were determined by RIA kit (Institute of Isotopes Co., Ltd., Hungary) and concentrations of IGF-1 were evaluated by equine-specific ELISA kits (Eastbiopharm, China). Thyroid-stimulating hormone (TSH) was measured by equine ELISA kits (Eastbiopharm). Serum T3 concentrations were determined using a competitive enzyme immunoassay kit (Padtan Elm Co., Iran). Serum T4 concentrations were measured using a competitive enzyme immunoassay kit (Monobind Inc., USA).
Evaluation of body condition scores
Veterinarians use a series of criteria to evaluate the rate of obesity and slimming in horses, and according to these criteria, they give the body condition of the horses. Body condition scores of the animals were estimated based on Henneke et al. (6) with a 0 to 9 scoring system. In this system, six parts of the horse's body are first observed and then touched and given a physical score according to the physical condition of the horse. For these six points, the probability of accumulation of adipose tissue is higher than in other parts of the horse's body, and they include the neck blade, the back of the shoulder joint, the ribs, the tail, and the back of the waist. Body condition scores of 12 horses were under and the others were above 5. The horses were evaluated every 45 days during a year and body condition scoring was performed each time.
Statistical analysis
Data are presented as mean ± standard deviation. Differences between the average concentrations of each hormone between groups (age, sex, and body condition score) on similar days were analyzed by two independent samples t-test. Repeated measures ANOVA was used to evaluate the seasonal alterations of each hormone during the year. Statistical analyses were performed using SPSS 11.5 for Windows (SPSS Inc., USA). The level of significance was set at P < 0.05.
Results
Changes in cortisol, IGF-1, and thyroid hormones in different sexes, ages, and body conditions during a year in Darehshori horses are presented in Figures 1-5 .
Thyroid hormone alterations
The lowest T3 in the young horses was detected in June and its lowest levels in aged horses were seen in the August. The highest levels of this hormone were observed in both groups in February. In both age groups, T3 decreased following the warming up of the climate, and this decrease was more pronounced in the aged horses ( Figure 1 ). There were no significantly changed patterns of T4 in different ages, sexes, and body condition scores during the study period. The highest T4 in young and old horses was observed in June and February, respectively. In both age groups, the lowest T4 levels were detected in February. The results of repeated measures ANOVA showed that the concentration of T3 in both old and young horses decreased significantly with the warming of the climate and in general, while T4 changes in both age groups during the study were not statistically significant (P > 0.05).
In both lean and obese horses, the lowest levels of T3 were seen in August. Following the warming of the climate, the concentration of T3 declined in all studied horses. In lean and obese horses, the highest amounts of T4 were seen in January and September, respectively. In addition, the lowest amount of this hormone in lean horses was found in both February and September, and in obese horses it was detected in February. The results of repeated measures ANOVA demonstrated that T3 concentration in both lean and obese groups decreased significantly with the warming of the climate (P < 0.05; Figure 1 ).
T3 concentrations in mares were significantly higher than in stallions in all sampling stages during the year (Figure 1) . The highest levels of this hormone in mares and stallions were seen in February and January, respectively. The lowest amount of T3 was observed in stallions in August and in mares in June. The levels of this hormone in both sexes in warmer seasons were significantly (P < 0.05) lower than in other seasons, and these changes were more pronounced in stallions then mares (Figure 1 ). There were no significant differences between T4 levels in both sexes during the study period (P < 0.05; Figure 2 ). The highest values of T4 were observed in May in both sexes. Moreover, the lowest serum levels of this hormone were detected in June in both mares and stallions. The results of repeated measures ANOVA showed that the T3 concentrations in both sexes decreased significantly with the warming of the climate (P < 0.05; Figure 1 ).
Changing patterns of TSH for all studied parameters (age, sex, and body condition score) were detected significantly and this factor was decreased significantly with the warming of the climate (P < 0.05; Figure 3 ). Serum TSH levels in stallions, aged horses, and obese horses were significantly lower than in mares, young ones, and lean ones during the study period ( Figure 3 ). The lowest levels of TSH in stallions and mares were seen in June and both August and September, respectively. The highest values of this parameter in stallions were in January and in mares were in both January and February. The lowest levels of TSH in aged, lean, and obese horses were observed in September. The highest serum concentrations of this factor in young and obese horses were detected in March.
Cortisol alterations
In all stages of sampling, serum cortisol concentrations in mares were significantly higher than those of stallions (P < 0.05; Figure 4 ). The highest and lowest serum levels of this hormone in mares were seen in January and November, respectively, while in the stallions the highest and lowest levels of the hormone were observed in February and September, respectively. In all samples, serum levels of cortisol in obese horses were significantly higher than others (P < 0.05; Figure 4 ). In both obese and lean groups, the highest and lowest levels of this hormone were seen in January and November, respectively. Generally, serum cortisol concentrations in older horses (more than 10 years old) were significantly higher than in younger ones (younger than 10 years) (P < 0.05; Figure 4) . In elderly horses, the highest and lowest serum cortisol levels were seen in February and May, respectively. Also in young horses, the highest and lowest concentrations of this hormone were seen in May and February, respectively.
IGF-1 alterations
In all stages of sampling, serum concentrations of IGF-1 in mares were significantly lower than in stallions (P < 0.05; Figure 5 ). In both sexes, the highest and lowest serum levels of this hormone were observed in February and September, respectively. In all samples, serum levels of Seasonal alterations of circulating IGF-1 (mean ± SD; ng/mL) in different sexes (stallion/mare), ages ((older/younger than 10 years old), and body condition scores (above/below 5) of Darehshori horses. Asterisks indicate significant differences between two groups on the same sampling day (P < 0.05).
IGF-1 in obese horses were significantly higher than others (P < 0.05; Figure 5 ). In horses with better body condition scores, the highest and lowest levels of this hormone were seen in February and May, respectively. Moreover, in the lean group of horses, the highest and lowest serum levels of IGF-1 were observed in September and January, respectively. Generally, serum IGF-1 concentrations in young horses (less than 10 years old) were significantly higher than in older ones (more than 10 years old) (P < 0.05; Figure 5 ). In young horses, the highest and lowest serum levels of IGF-1 were seen in November and May, respectively. In addition, in the older horses, the highest and lowest concentrations of this hormone were seen in November and January, respectively.
Discussion
Thyroid hormone alterations
There are several concepts about the whole body's physiological alterations in different seasons, and various theories are proposed to explain these mechanisms. In the literature it has been mentioned that thyroid hormones may play an important role in the whole body's physiological changes during a year, or vice versa, based on changes in temperature and light (7) . According to available evidence, there is no information on thyroid hormone alterations in Darehshori horses in different seasons. Therefore, one of the aims of the current research was investigation of the seasonal effects on thyroid hormones in different sexes, ages, and body condition scores of Darehshori horses. The results of this study can be used as an indicator for determining natural and abnormal levels of thyroid hormones in this breed, which can be used to evaluate metabolic and physiological disorders.
Small amounts of circulating T3 and T4 cause low metabolic rates in horses, and these concentrations may be due to acquired problems or secondary hypothyroidism due to reduced TSH secretion from the pituitary gland. However, some evidence suggests that many of the clinical symptoms associated with hypothyroidism in horses are part of the symptoms of metabolic syndrome, and researchers have found that thyroid hormone supplementation is effective in treating this syndrome (8) . The results of the present study showed that concentrations of T3 were related to levels of TSH (Figures 1 and 3) , such that decreased TSH levels were aligned with decreased T3 concentrations.
In relation to the effects of the season, several environmental factors such as temperature, daytime, heat intensity, wind speed, radiation, and humidity affect changes in thyroid hormones that may affect thyroid functions (9) . In experiments conducted by Ingraham et al. (10) in cows, the level of thyroid hormones in the blood had a negative correlation with the environmental temperature and humidity (10) . Some researchers reported high thyroid activity in cows in cold weather (11) . According to a study by Mixner et al. (12) , the months and seasons have a greater effect on thyroid hormone secretion than pregnancy stage. The level of T4 secretion in cows was highest and lowest in the spring and autumn, respectively (13) .
In the study of Gooraninejad et al. (14) on Arab horses in Khuzestan, Iran, it was concluded that serum T3 and T4 concentrations were significantly affected by the season; the highest concentration of both hormones was seen in winter and the lowest in summer. Maddahi et al. (15) studied Arab stallions and reported that the function of their thyroid glands is partly dependent on seasonal variations and age. In a study of Arab horses by Ghadrdan Mashhadi et al. (16) , they concluded that serum concentrations of T3 and T4 were higher in the cold season.
Exposure to cold weather activates the pituitarythyroid system by several mechanisms and stimulates TSH in 10-30 min. The activation of TSH secretion is associated with increased thyroid activity. The first trigger to activate this system is an increase in the release of thyrotropinreleasing factor (TRF) from the hypothalamus. If the environmental temperature decreases, TSH gradually increases 90 min after the onset of cooling (17) . Increased TSH secretion in animals exposed to cold is due to the increased release of TRF from the hypothalamus. However, TRF is not only distributed in the hypothalamus and it has been found in several tissues at high concentrations, but nothing is known about the potential role of TRF in these tissues in regulating TSH secretion (17) . In the present study, the T3 concentration decreased due to the warming of the climate. As mentioned earlier, air cooling is an important factor to stimulate the thyroid gland in secretion of thyroid hormones, and the results of this study confirm this phenomenon.
A study by Eswari et al. (18) on sheep suggested that thyroid hormones decreased during aging. Conversion of T4 to T3 also decreases in aged animals, resulting in a significant decrease in T3 of the plasma. Therefore, it seems that thyroid gland activity decreases with age. Another study on sheep by Maharajan et al. (19) stated that the metabolic rate in young animals is higher than in adults, and the role of thyroid hormones alongside growth hormone is also evident in the growth process. In the present study, the concentration of T3 hormone in young horses, in all seasons, was higher than in older ones.
Studies by Eswari et al. (18), Emery et al. (20) , and Prasad (21) suggested that thyroid hormone levels in females were higher than in males, indicating that thyroid activity is higher in female animals. In our study, although the concentration of T3 hormone in the mares in all seasons was numerically higher than in stallions, this was statistically significant only in May, June, August, and September (P < 0.05; Figure 1) . Ghorbani et al. (22) investigated the serum concentration of various mineral elements and thyroid hormones in Caspian horses of different nutritional conditions, ages, and sexes. They concluded that serum concentrations of TSH and T3, fT3, T4, and T3/T4 ratio in mares were significantly higher than in stallions. In their study, it was concluded that the effects of age and diet on thyroid hormones were not significant (22) . In a study by Nazifi et al. (23), T3 and T4 concentrations in Turkmen stallions were significantly lower than in mares. In addition, the concentration of T3 in obese horses, especially in warm seasons, was lower than in lean horses. The possible causes of this finding are the lower metabolic rate of obese horses compared to lean ones. Furthermore, obese horses are susceptible to equine metabolic syndrome (24) , and in such horses, the concentration of thyroid hormones is lower than in other horses; hence, thyroid hormone supplementations are recommended to treat equine metabolic syndrome (24) .
According to the results of this study, there were no significant differences in the concentrations of T4 in any of the seasons, ages, sexes, or body conditions. One of the probable reasons for this finding is that the T3 is the main hormone of the thyroid gland's activities. Furthermore, T4 in many cases is also converted into T3. However, specific characteristics and physiologic situations of the Darehshori breed may also be attributed to this finding.
Cortisol alterations
Cortisol is the main hormone associated with stress, which is produced by the adrenal gland. This hormone is the main glucocorticoid secreted by the adrenal gland in stressful conditions and is also involved in regulating blood glucose (25) . During the life of animals, there are several stresses that affect growth and reproduction, and the chemical mediator of these stresses is cortisol (26) . Aurich et al. (27) reported that control of stressors decreases the cortisol concentrations.
In the present study, serum cortisol concentrations were lower in some months, and its levels in September were commonly lower than in other months (Figure 4) . In this study, higher serum cortisol concentrations were detected in winter. One of the reasons for this increase is the stressful conditions after the dropping of the temperature. Moreover, desirable weather conditions, not being in the reproductive season, estrous behaviors, mating, parturition, and lactation, which may be considered as nonstressful conditions, may decrease the circulating cortisol levels in the autumn. Hart et al. (28) studied the effect of age, season, body condition, and endocrine status on free cortisol and insulin concentrations in horses and reported that cortisol levels were higher in older and obese horses. They also observed an increase in cortisol concentrations in the winter compared with autumn. The effect of the season on the hypothalamus-pituitaryadrenal axis is explained in horses. Hart et al. (28) found that ACTH and α-melanocyte-stimulating hormone could increase cortisol concentrations in autumn.
Aurich et al. (27) reported that cortisol levels follow a circadian rhythm and mentioned that their levels in the mornings were higher than at night. Salivary cortisol in the late pregnancy of mares was markedly lower than in parturition. Increasing cortisol levels in stallions during the reproductive season in April and May show a chronic and moderate stressful condition in these animals. In general, that study found that cortisol variations were seasonal. Greenspan et al. (29) stated that serum cortisol concentrations in older horses were significantly higher than in younger ones.
In this study, serum cortisol concentration in obese horses was significantly higher than in lean horses during the study period ( Figure 4 ). Hart et al. (28) argued that obesity can act as an initial stimulus for the hypothalamuspituitary-adrenal axis and is effective in increasing cortisol levels. Fatty tissues can convert the inactive cortisol (cortisone) to its active metabolite via the beta-11 hydroxy steroid dehydrogenase enzyme, which results in an increase in intratissue and intracellular cortisol. Obese horses mostly suffer from metabolic syndrome, type 2 diabetes, and several endocrinopathies, which may be a reason for higher serum cortisol concentrations in obese horses (24) . In aged horses, the higher level of serum cortisol is due to the increased activity of the hypothalamus-pituitaryadrenal axis (30) , and the present study showed that the serum cortisol levels in elderly horses were significantly higher than in younger ones during the study period (Figure 4 ).
IGF-1 alterations
IGF-1 is an underlying factor that stimulates the growth, differentiation, and function of many cells (31) . In the present study, serum concentrations of IGF-1 in younger horses were significantly higher than in elderly ones (P < 0.05; Figure 5 ). The liver synthesis of this hormone was stimulated with androgens and estrogens; thus, IGF-1 can increase during puberty in stallions between 2 and 4 years old (31). Malinowski et al. (1) evaluated the serum levels of T3, T4, IGF-1, and IGF-binding protein in different ages of horse. They observed that IGF-1 and IGF-binding protein affected horse growth. The effects of exercise, age, and sex on IGF-1 were evaluated in horse and results revealed that IGF-1 concentration was more stable in horse compared to growth hormone concentrations. Noble et al. (32) mentioned that the concentration of IGF-1 gradually decreased along with aging and its level in mares was lower than in stallions. Investigating the concentration of IGF-1 on the structure of articular cartilage of Thoroughbred horses at different ages showed that high levels of IGF-1 were detected in 225 days and it was decreased 450 days after puberty. IGF-1 reached a constant level along with the formation of osteochondral tissue (33). Corpas et al. (34) showed that reduced secretion of growth hormone is one of the strongest reasons for decreasing plasma IGF-1 during aging. Carlson et al. (35) found that plasma IGF-1 decreases with age due to a reduction in the growth hormone pulse.
In the present study, serum levels of IGF-1 in stallions were significantly higher than in mares (P < 0.05; Figure  5 ). Clapper et al. (36) measured the serum concentrations of IGF 1, 17-beta estradiol, IGF-binding protein, and testosterone in pigs and observed that the growth hormone receptors in males were higher than in females (36) . Previous studies have shown that IGF-1 concentrations are higher in males (2,32).
Champion et al. (2) examined the plasma concentration of IGF-1 in Standardbred horses at rest period. They sampled horses 1-8 years old from five geographic regions of New Zealand. They found that serum levels of IGF-1 in various geographical regions were significantly different, and the serum levels of this hormone in stallions were higher than in mares.
The results of the current study showed that the circulating IGF-1 in obese horses was higher than in lean ones, which is consistent with earlier findings (37). Sticker et al. (37) demonstrated that nutrition (especially the amounts of protein and energy) and body condition score have a great influence on IGF-1 concentration. They investigated the effect of food protein and energy limitations on IGF-1, prolactin, cortisol, and thyroid hormones in mares and found that IGF-1 concentrations in obese females were higher than in lean ones.
Conclusions
Based on the results of the current research and other previous studies, circulating levels of cortisol, IGF-1, and thyroid hormones are dependent on many factors. It may be stated that factors such as breed, sex, age, body condition, season, geographical location, and individual characteristics of horses may affect the levels of these hormones. Furthermore, the results of this study may be used as a guideline to better understand the endocrinological concepts of Darehshori horses in relation to season, age, sex, and body condition score.
